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® Human protein C mutants and method for preparing the same. 

© A mutant protein of human protein C in which the connecting dipeptide consisting of the 156th lysine and 
the 157th arginine residues are either replaced by other amino acid residue(s) or deleted is disclosed. 

The mutant protein C is produced by culturing host cells transfected with a plasmid vector containing DNA 
coding it DNA coding for replacing amino acid residue(s) can be easily synthesized and ligated with remaning 
DNA portion of protein C gene. 
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Human protein C mutants and method for preparing th same 

Detailed Explanation of the Invention 

5 (1) Applied fields in industry: 

The present invention is related to novel single chain protein C mutants which have an anti-coagulant 
activity. 
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(2) Technological background: 



Human protein C is a precursor to a serine protease called "activated protein C" present in plasma and 
plays an important physiological role in the regulation of blood coagulation. It is converted to an activated 
75 form by restricted proteolysis in a reaction catalyzed by thrombin or a protease from viper venom, called 
"protac." Activated protein C exhibits strong anti-coagulant activity which is due to its inactivation of factor 
Villa and factor Va in the presence of calcium ion (Marler. RA, Weiss. A. J. and Griffin, J.. Blood 59 1067- 
1072 (1982); Vehar, G.A. and Davie, E.W., Biochem. 19, 401-410 (1980)). The activation of protefn C by 
thrombin is greatly accelerated by a cofactor named thrombomodulin (Esmon. C.T. and Owen WG Proc 
20 Natl. Acad. Sci. USA 78. 2249-2252 (1 981 )). It also accelerates the fibrinolytic system by inactivatrng'tissue 
plasminogen activator inhibitor (t-PAl). DNA sequence of cDNA encoding human protein C has been 
determined by Foster and Davie (Proc. Natl. Acad. Sci USA 81 , 4766-4770 (1984)). 

Human protein C is a vitamin K-dependent glycoprotein "with nine residues of y-carboxyglutamic acid at 
6, 7, 14, 16, 19, 20, 25, 26 and 29 positions from the amino- terminal. Such a rcarboxyglutamic acid-rich 
region is called Gla domain and thought to play an important role in the anti-coagulant activity of protein C 
by interacting with the phospholipid present on the endothelial cell surface. The role of the Gla domain is 
descnbed in detail in the literature Taisha" (Metabolism), vol.19, No.9 (1982). 



30 (3) Purpose of the invention: 

H is an object of the invention to provide a novel protein C mutant by altering a portion of the amino 
acid sequence of human protein C. The resulting mutant protein C has properties in that the activation rate 
by a thrombin/thrombomudulin complex is much reduced and that the duration time of the activity is 
35 eventually extended. 

(4) Construction of the invention: 

40 The process of blood coagulation leading to the formation of a fibrin clot involves complex interactions 
among a vanety of blood and tissue components. During the process, a series of enzymatic cascades is 
involved; one zymogen, a precursor protein involving blood coagulation, is converted to an activated form 
by another activated blood coagulating factor and the activated protein, in turn, activates the next zymogen. 
At the final stage of blood coagulation, prothrombin is converted to an activated thrombin by an 

45 activated factor Xa in the presence of a cofactor, activated factor Va. The active- form thrombin converts 
fibnnogen to fibrin. It also activates factor VIII and factor V to accelerate the blood coagulation reaction as a 
positive feedback. On the other hand, thrombin functions to convert protein C to an active-form in a 
negative feedback mechanism. The activation of protein C by thrombin is greatly accelerated by the 
cofactor thrombomodulin present on the surface of endothelial cells (Esmon. CT. and Owen WG Proc 

so Natl. Acad. Sci. USA 78, 2249-2252 (1981)). The activated protein C serves as an anti-coagulant fitor to 
inactivate both active-form factors Va and Villa (Kisiel, W. et aL, Biochem. -16, 5824-5831 (1977)< Marlar 
R.A., Weiss, AJ. and Griffin, J.K, Blood 59, 1067-1072 (1982)). Furthernwe, the activated protein C 
inactivates t-PAI. As a result, formation of plasmin from plasminogen which causes degradation of fibrin 
clots is accelerated. Thus, protein C is thought to serve not only as an anti-coagulant factor but also as a 
fibrinolytic factor (Sakata Y. et al.. Proc. Natl. Acad. Sci. 82, 1121-1125 (1985)). Patients with low plasma 
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tevels of protein C are apt t be attacked by thrombosis (Griffin, J.H. et aL 1* ^JJi^Jg 
«/,o^v inMG- i u ci Rinnri fin 281-264 (1982); Comp. P.O. et al., J. Clin. Invest. 74 2082-2088 pao*)- 

IhLbosis is frequent observed to occur in the neonatal period (Selingsohn. U. et al.. New Engl. J. Med. 

— H^afprSc rs a vitamin dependent glycoprotein w«h an apparent * 
w. Ja»onVk^ » has nine residues of xcarboxylgtutamic add and one equivalent of fl-hydroxyaspartc acid 
£££ Set W J Cfe M T (1979)) cleaved by a signal peptidase after the alanine 
^dutt'p^sittTo. STyieSs a zymogen vith a highly basic propeptide of nine amino aod 
SSTpMrinta the mature protein that circulates in plasma involves additional proteolytic cleavage 
SL^iduH - mb Jnd 157 to remove the amino-terminal propeptide and the Lys-Arg d.pept.de that 
SnneS *£L an *h££ chains, two-chain form of protein C is then converted to an activated 
2c b7aSUSnSb?moduHn complex by the cleavage after Arg residue at posrton 169. 
Star SepSsCof the sing.e*hain precursor seems to be incompjte 
about 5-10% of the protein C exists as a single^hain molecule (Miletch. J.P. et al.. Blood 62, Suppl. 1, 

recombinant proteins have been widely thought to be a useful thera^utic reageM. The 
vnus-ifw '™ i-nfctad the cDNA encoding human protein C and succeeded hi producing 

XepS^ suggesting that the former polypeptides coujd manifest their enzymatic activrty 
slowly in vivo and that the duration time of the activity is possibly extended. , MS itions 

HuSaTprotein C mutants of this invention have the amino acid sequence wh.ch is drfferent top«ta» 
aTTsTZItiVn^ sequence Lys-Arg. Namely one or both of the said two ammo acids is (are) 
Z£o mpSd^V aT^ino q L or lino acids dmerent from those in the native sequence J 
SS^d^TbSeted and the other replaced. As a result it is expected that the human protem C mutant s 
£SS rra^Sin mofcL of protein C. In order to J 
desirable to replace the Lys-Arg sequence by other two ammo acids. Alternative^, tteateo pwsiWe » 
m*ce the Lys-Arg sequence by one amino acid or three or more ammo ac.ds. Furthermore, detetion of 
ZW*£*b So produces a singled proteia As for the substitution of Lys-Arg sequence w* 
SJTino^ rtfe important to utiltee amino acids with as similar chemical properties to Lys and Am 
S E£. der2n Thydrophilicity, ion-charge. effectiveness to the ternary struct^ of a proto n 
2d » o neuS amiru/acids including serine (Ser). asparagine (Asn) ™«J^™J^™ 
SSen^ Th* "sequences including Asn-Ser. Ser-Asn. Qln-Ser. Serein. AsrHSIn or Gln-Asn are surtable for 

S molSonl^cTas gelation, rcarbcxylationor pm^, be 

45 made are desirable as a host. For this purpose, cultured mammalian cells such as Chinese hamster ovary 
(CHG\ cells and babv hamster kidney (BHK) cells are preferable. 

(CH l^on of ^mbinant human sing-e-chain ^ C mu«nts -ayj^made »£«mm£» 
various steps including construction of mutant genes, construction of a ^^"""'^^^115 
mutant genes In a host, introduction of expression vector containing transcription ™totoo*e ho* co^ 
so selection of transformants. and biochemical characterization of recombinant proteins secreted in the culture 
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medium. 



(5) Effects of the Invention: 

55 Recombinant single-chain human protein C mutants possess an ^ ,0 * n 9^ 

m .^in^r^ndulirv catalyzed activation system of protein C, ability to inactivate activated-form factor 
^^1^. ^s .so aivated more slowly in vKro than the twcxh.n polypeptides 
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of protein C, suggesting the possibility that effects of single-chain protein C are slower-activating and more 
durable .n normal blood, i*. possess a I nger biological half-life. 

s (6) Explanation by examples: 

nNA^J^ 6 ? 0 "^'" * 63Sait *? ^ Reference ^P* 98 Examples. In the examples, the 
DNA coding for human protein C described in Japanese Patent Application No.96341/1987 (lid-Ouen 
Unexamined Publication No.263083/1988) was used. It is described in Reference Example 1 Theexores- 

10 TJ^S^littZ P !5 AP ? C8ti0n N0 - 9634W1987 Unexamined Publication 

No.267288/1988) was used. It is described .n Reference Examples 2 and 3. The examples and reference 
examples are not Intended to limit the invention. reierence 

>s Reference Example t (Construction of pCsl) 

n^VT con *! mc,ed a human P rotein <>«>** gene consisting of 1389 bp of nucleotides and 
additionally having an EcoRI site at one end. and Smal and Hindlll sites at the other end. The gene was 
prepared on the basis of the nucleotide sequence coding human protein C published by Foster et al ibid 
20 w.th some changes of bases without changing amino add residues. ' — ' 

Plasmid pPCl was formed by integrating the gene between EcoRI and Hindlll of the plasmid vector 
which was derived from pUCS (commercially available from Pharmacia) and had the same polylinker steas 
rjJ^L™!? am P« i,l,n - resi5tant 9ene lost with Pvul. The plasmid was transformed into E coll K- 
2S ItSXT^M £S? ^ *° Fermentat,0n * *** *"* * «1 and 

*? Tf 8 '^ VeCt ° r pCs1 W3S constructed ,rom the plasmid above. Namely, the plasmid 
pSVAstopl. in which a fragment containing the SV40 early promoter and a fragment containing a polylinker 

ZSFSt 7?^." SV4 ° mRNA P"**"**" * ™ connected to tneTa C 
Pvul^EcoRI fragment of the plasmid pBR322 (which contains an amptailin-iesistant gene and a duplication 
initiation arte) was cleaved at the XbaJ site present in the polylinker and formed to a flush end with T* DNA 
polymerase. Afterwards the pPC1 was digested with EcoRI and Smal. and the 1.4 Kbp DNA fragment 

'JTSfV 5 r T iS0l8ted -Bd PUri,fed * PO 1 ^^ 9* electrophoresis and converted 
P^kfpS^sC. P 0 '*™"* 6 ' which then ligated with T* DNA ligase to the flush end of me 

The recombinant DNA plasmids were examined to select a clone in which a protein C gene was 
integrated in the orientation expressible under the SV40 early promote, The selected clone JL named 

"ttT^T™ - — K " ,2/H8101 WhiCh was ^P 05 ** Fermentation 
Research Institute as PERM BP-1473. The restriction map is shown in Fig. 2. 

40 

Reference Example 2 (Construction of pCs4) 

P Cs4 was constructed from pCsl. P Cs4 has two BstXI sites upstream from the SV40 early promoter 
and downstream from the poly A signal. The BstXI site was devised to produce the following asymmetric 
45 cohesive ends by digestion with BstXI. 9 a5ymmexnc 

— — I' C CACGGGC • 3' 



30 



36 



SO 



GGTG 5' 



The fragments link with each other necessarily in tandem. This makes it possible to prepare DNA 
comprising many tandem repeats of an expression unit of protein C (a promoter plus a protein C gen pl us 

65 I? \ !! 9 >- 0tem ° iS pr0dUC8d by cul,ivatin 0 host "lis transfected with the DNA comprisinq 
many tandem repeats The production process of pCs4 is as follows: the fragment obtained by digest 
PCS1 w.th EcoRI was boated with the doubte-stranded oligonucleotide synthesized chemically as mentioned 
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5' 


pAATTG 


CCA 


CGGGGC 


TGG 


5 


3' 




GGT 


GCCCCG 


ACC 



t 



C 3' 

GAGCTp 5' 



10 
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wherein p represents the phosphate group coupled at the 5 ends for the ligation, o indicates the MM 

recognition site, and indicates the cleavage site by the said enzyme. 

^he ett side of the oligonucleotide is arranged so as to be a 5 protruding 
«gated to the cohesive end of EcoRI-cleaved P Cs1. which does not regenerate the EcoRI srte^TNs 
aLgement is made so that the EcoRI site produced in the subsequent step will be a unique site. The right 
side is the portion that is linked with the Xhol cohesive end. a ^ A nt ^ a „ r<l1 

The ligation product was digested with Xhol followed again by the hgabon. Both ends of the pCsl 
cleaved with EcoRI were linked respectively with one molecule of the synthetic oligonucieot.de. Both ends 
of the product were subjected to the ligation (wherein the Xhol site is formed) to form a circular plasmW. 

Then, the resulting plasmid was partially digested with PvulL As there were two Pvull srles in , pCjl, 0» 
deaZ took place 5 either both. one. or none of the sites to give a mixture of them. Accordingly. *e 
mbctuX was subjected to size fractionation by means of the electophores* usmg agarose , gel tc , «olate me 
product in which the Pvull site located upstream of SV40 early promoter only had been cleaved The 
Eed SnA chain was ligated with a chemically synthesized double-stranded ol.gonucleot.de w,th the 
chemical structure shown below. 

i 



5' pTT 


CCA 


GCCCCG 


TGG 




3' -AA 


GGT 


CGGGGC 


ACC 


TTAAp 5' 
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t 
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40 



wherein symbols are as defined above, and the right side is the portion that is linked with the section 

Ctea Th1 5Se R of the oligonucleotide was linked with the Pvull site of the cleaved plasmid D^tthdU 
not regenerate the Pvull site. The ligation product was digested with EcoRI followed agam by the Hgatcj 
Bothinds of the Pvull-cteaved plasmid DNA were linked respectively with one molecule of the synthetic 
^nucleotide. Both ends of the product were subjected to ligation (wherein the EcoRI srte isl ocated) to 
torn, a circular piasmid. The resulting plasmid was cieaved with Xhol and EcoRI the foment was 
cloned into pHSG396 having a chloramphenicol-resistant marker (available from Taken Shuzo Co Ltd) 
cleaved with Xhol and EcoRI. The chloramphenicol-resistant protein C express-on vector plasm.d thus 
llSmZ named pCs4. Its restriction map is substantially the same as that of pCstO shovm .n Fig. 1 . 
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Example 1 (Construction of pCslO) 

The DNA sequence encoding the connecting dipeptide Lys-Arg of protein C is located between the 
Bg... and Sac.. sL of the protein C cDNA present in both pCsl and pCs4 .n ^rder to rep.a 
Lys-Arg sequence by Asn-Ser sequence, a short DNA fragment in wh.ch the 5 and 3 ends have a 
Scture Cognized by Bglll and Sacil restriction enzymes, respectively, was chemically synthes.zed. The 
DNA sequence of this fragment is shown below. 

PONS - o GATCTCACCTGAACTCCGACACAGAAGACCAAGAAQACCAAGTAGATCCGC 
PCNS- B: AGTGGACT TGAGGC tCTGTCTTCTGGTTCnCTGGTTCATCTAGG „ 
Serein the underiir*lT?orti3ns AACTCC. encoding Asn-Ser. correspond to ^"f^^^^f 
Lys-Arg [AAACCA]. Other sequence remains unchanged.) Single-stranded DNA* PCNS^ and PCNS-tf 
wWsynthesized by a DNA synthesizer (Applied Biosystem Co. and freeze^ned. 40 nmol of each 
o^SeoS was men dissolved in 160 ul of distilled H,0. 16 id of each of the solutions was taken out 
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and mixed with 2 m of PNK buffer diluted 10-fold (500 mM Tris-CI, pH 7.6, 100 mM MqCI, 10 mM 2- 
mercapto^ano. 25 mM ATP) and 2 ul of T. polynucleotidase (5 Ls). T* XE."2 J rea^t* 
at 37 C for one hour. 10 ul of each reaction mixture was taken out and mixed together. The nWwas 

° n «he other hand, a 356-bp ONA fragment containing a Lys-Arg^oding region was isolated bv 
d,gest,ng p Cs4 DNA with Oal and Xba. followed by size fractionation in agarci^ Thte Jg^wS 

S 5?Tf C, S ^ site5 of pHSG396 to *" rise to pWc£b/5. tssss 

SHTJ' ^ ^-Arg-codrng s^uence is present between the Bglll and Sacll sites of protein C 
cDfiA n order to replace the Bglll -Sacll fragment of the native protein C gene by a chemically 
Z£Z ^n^° nU T de (PCNS - /PCNS -«- P396pCC.-xb/ 5 was first digest J wiVe^, aTSS 

ESTi rem ° Val ° f ^ Smalter B9, "- Sac " fra 9 mente in a 9*°*e gel elecfrlphoresis.the 

•solated larger fragment containing the chloramphenicc^esistant gene was ligated witb to " 

ISXStSZ I *• PreSenC ! ? T+ ° NA ,i9889 - The " flated mWuw was »>" ^sZe^nto E cSiK- 
12/Om225 DNA sequence analysis was made for the region of the Clal-Xbai fragment inserted in-i^ctor 
using the dideoxy^hain termination method as described by Sanger et al 

As a result, it was revealed that the introduced oligonucleotide was correctly inserted and its sequence 

,o^L S rTh2' niti ? irl 9n6d - Sub30 ^ t, V- * Cla '-™ was exdsed from 2 £sTd TfS 

to transfer rt between the Clal and Xbal sites of P Cs4. from which a small Clal and Xbal fragment had been 
removed. The resuiting plasmid is named pCslO. P Cs10 contains a cDNA ^S C ffi S 

snowTin"^ ? C ° meCting diP6Ptide ' 8 reP ' aCed by A3n " 8 -- ^ -stninmap of p^^ 

t^^^S^^ Pr0tein ° a " d * — — <™m the 

55 Reference Example 3 (Construction pf pHSG293) 

the s^fJ?nT a ^^ nStrUCted WhiCh had 3 222 9ene as a selection marker and BstXI site providing 
the s^e asymmetnc cohesive ends as P Cs10 by digestion. The fragment obtained by digesting pHSG293 
w.th BstXI was hgated with the fragment obtained by digesting pCslO so that the selection^ 

Zr** V Pr ° dUCti0n iS 38 f ° ,,0WS: Wh9n P HSQ274 - ATCC 37301 a S 

vector w,th the neo gene which confers kanamycin resistance to E col, host and G418 (geSSn) 
res^ance ,n eucaryotic cells was digested with BstXI. cleavage took pTaceTs shown in ^e follS Tow 
sheet Then a synthetic nucleotide shown in the flow sheet was ligated 9 
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P 



CCA 
GGT 



TCATG 
A 



FKSG274 
| BstXI 

A 

GTACT 



TGG 
^CC 



Hindm — - 



cos 

L 



70 



J5 



Synthetic 

Oligonucleotide 6TAC 



CCA 


GCCCCG 


TGG 


A 




-Xbal-lacOP- 


GGT 


CGGGGC 


ACC 


TTCGA 


") 


BstXX 




(Hindm) 



ligation 



20 



r 



Bstxr- 



CCA 


GCCCCG 


TGG 


GGT 


CGGGGC 


ACC 



-Xbal-lacOP- 



BstXI 



TTCGA 
(HindDI} 



cos 



A 

GTACT 



TGG 
ACC 



Hindm 



1 



Hindm 
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r 



BstXI - 





CCA 


GCCCCG 


TGG 




GGT 


CGGGGC 


ACC 



-Xbal-lacOP- 



BstXl 



cos 



TTCGA 
(Hindm) 

(Hindm) 



1 



• j Ligation 
pHSG 293 

( BstXI 
3.6kb fragment 



The left side of the synthetic oligonucleotide was linked with the cosmid vector DNA cleaved by BstXI 
and the BstXI site was destroyed. Subsequent digestion of the cleavage product with Hindlll results in 
removal of the Hindlll-BstXI portion contained in the cosmid vector and th excessive synthetic repeatedly 
iigated fragments. The resulting product was subjected to ligation to afford a circular plasmid in which the 
right side of th synthetic oligonucleotide was linked with the Hindlll site of the cosmid vector. 

The Xbal site in the synthetic oligonucleotide sequenc was introduced to distinguish pHSG274 and 
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PHSG293 from each other. The lac operator in the synthetic oligonucleotide was introduced to select 
transformants by kanamytin resistance after cosmid-packaging and to distinguish transformants that form 
blue colonies in the presence of X-gal. 

The plasmid was named pHSG293. Its restriction map is shown in Fig. 3. 

5 

Example 2 



w In vitro amplification of DNA fragments containing single-chain mutant protein C-expressrng units and its 
large-scale preparation in E coll. 

When the pCslO DNA described In Example 1 is digested with BstXI, a 22-Kb fragment containing 
transcription unit and a 2.1 -Kb fragment of the vector portion are obtained. However, it is difficult to isolate 

75 each fragment in a purified state by size-fractionation after electrophoresis in agarose gel. To overcome this 
problem, pCslO DNA was digested with EcoRI restriction enzyme and the 4.3-Kb linearized fragment was 
inserted into the EcoRI site of pHSQn. pHSGll, 9.1 -Kb in size, is a derivative of a temperature-sensitive 
variant of pSC101, pHSGl (Hashimoto-Gotoh, T. and Sekiguchi, M.J., Bacteriology 31, 405-412 (1977)), 
from which the single BstXI site has been destroyed by DNA polymerase. The resulting plasmid, named 

20 pCsn, has 13.4-Kb in size and contains a 112-Kb vector component containing the chloramphenicol- 
resistant gene derived from pCslO and the tetracycline-resistant gene from pHSGll, and a 2.2-Kb 
transcription unit The pCs11 DNA was digested with BstXI and electrophoresed in 0.7% agarose gel to 
purify the 22-Kb fragment On the other hand, pHSG293 DNA was digested with BstXI and subsequently 
treated with calf intestine alkaline phosphatase (CIAP). 2.0 ag of 2.2-Kb BstXI fragment containing a protein 

25 C mutant expression unit was mixed with 0.1 itg of BstXI-digested and ClAP-treated pHSG293 DNA at a 
ratio of 10:1 in 10 ul of solution containing T* DNA ligase (5 units). 

Five microliters of ligation mixture was taken out and then packaged into Xphage particles by using an 
in vitro packaging kit (Stratagene Co.). The reaction was carried out according to the manufacturer's 
protocol. DH-1 cells, one of E. coli K-12 strains, were then infected with the phage particles and allowed to 

30 grow overnight at 37* C on IS agar plates containing 25 ug/ml of kanamycin. Each colony formed was 
transferred to 100 ml of a liquid LS medium containing kanamycin and incubated overnight at 37* C. From 
this culture, about 10 ug of cosmid DNA is recovered through a standard procedure of plasmid DNA 
isolation. Circular cosmid DNA with ca. 45-Kb in size was digested with BstXI to yield two kinds of DNA 
fragments, an 11.2-Kb fragment containing pHSG293 vector and a 2.2-Kb fragment containing transcription 

35 units. After electrophoresis of BstXI-digested cosmid DNA on 0.7% agarose gel containing 0.5 ug/ml of 
etidium bromide (EtBr), the intensity of each band that had been photographed under UV-illumination was 
measured by densitometric scanning. As a result, a typical cosmid carrying 8 copies of transcription units 
and 2 copies of pHSG293 vectors was obtained. This cosmid was named pCNS701. 

40 

Example 3 



Production of a single-chan protein C mutant in cultured animal cells and demonstration of protein C-like 
45 activity 

pCNS701 cosmid DNA was introduced into BHK and CHO-dhfr (lack of dehydroforate reductase 
activity) cells by a standard transfection method described by Wigler et al. 1x10 s ceils were seeded on a 
tissue culture dish (100 mm in diameter, Falcon. 3001) in 8 mi of Dulbecco's modified Eagle's medium 

so (DME) supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 40 ug/ml of proline in the 
case of BHK or of nucleoside-containing Minimum Essential Eagle's medium (MEM-a) supplemented with 
10% FDS in the case of CHO-dhfr". These cells were cultured for about 20 hours at 37* C in an 
atmosphere of 5% C02/95% air by the time when the cell growth reaches at 20% confluency. For 
transfection. 7 ug of pCNS701 was dissolved in 900 ul of 140 mM NaCI. 0.75 mM NaHPOi and 25 mM 

55 HEPES (pH 7.1), and finally 60 al of 2 M CaCI 2 was added to the solution. The mixture was gently mixed 
and then allowed to stand for at least 30 min. at room temperature. The resulting mixture in a volume of 960 
ul was dropwise added to the medium in the above- mentioned culture dishes. The mixture was incubated 
for 24 hours at 37* C to allow the xog nous DNA to be incorporated into the cells. Then, the culture 

8 
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medium was replaced by 8 ml of a fresh medium, and cultivation was made for additional 18 hours. Fourty- 
two hours after transfection, cells were collected by a trypsin/EDTA treatrnent and spilt to 10 dishes (100 
mm in diameter). Each dish, which contains 8 ml of culture medium supplemented with 10% FBS, 400 
ag/ml of G-418 (GIBCO) and 40 ug/ml of proline (in the case of BHK), was incubated for 7-14 days at 

5 37* C. 85 BHK-derived and 57 CHO-dhfr-derived Q-418-resistant colonies per ug of pCNS701 were 
obtained. From each colony, single cell clones were isolated and then propagated. 

For biochemical analyses including ELISA (enzyme-linked immunoabsorbent assay) and anti-clotting 
assay, 1x10* cells were seeded in a tissue culture dish (60 mm in diameter, Falcon, 3002) in which 3 ml of 
culture medium and 0,1 ag/ml of vitamin K were contained, and incubated for 24 hours at 37 C. After one 

to day in culture, the medium was replaced by a fresh medium (3 ml in volume) containing 0.1 ug/ml of 
vitamin K, and cultivation was made for additional 24 hours. The culture medium was then collected, divided 
into aliquots (1 ml in volume) and stored at -70* C up to the biochemical analysis. 

To determine the content of the human protein C mutant secreted in the culture medium, an EUSA was 
carried out Fifty-six microliters of affinity-purified sheep polyclonal antibodies to human protein C (5 ug 

is protein/ml) was placed in each well of a 96-well microtiter plate (Petra), and the plate was then allowed to 
stand for one hour at room temperature. 

Then, the antibody was removed and 250 ill of PBS (phosphate-buffered saline, pH 72) containing 1% 
bovine serum albumin (BSA) was added to each well. After the plate was allowed to stand for 30 min. at 
room temperature, the solution in each well was removed. After washing four times with 200 ul of PBS. the 

20 plate was air-dried and stored at 4 # C until use. 40 ul of frozen-thawed culture medium was poured onto 
each antibody-coated well of a microtiter plate, and then the plate was left for one hour at room 
temperature. Then, the solution was removed and the well was washed four times with 200 ul of PBS. 
Subsequently, 40 ul of sheet anti-human protein C antibody labeled with horse radish peroxidase (HRP) 
was added into each well, and the plate was left for one hour at room temperature. After removal of the 

25 antibody and subsequent washing with PBS, 50 ul of citrate-buffered solution containing 1 mg/ml of 
orthophenyldiamine (OPD) and 0.006% of H2O2 was poured into each well, followed by standing for 10-15 
min. at room temperature. Then, the reaction product exhibiting reddish brown color was quantified by an 
EUSA plate reader (Dynatech). About 47% of the G-418-resistant clones secreted 0.5 ug/ml or more of 
protein C mutant in the culture medium as shown in Table 2. Particulary, the B-7 clone originated from BHK 

30 cells and the C-5 clone originated from CHO-dhfr cells exhibited higher levels of production of 0.74 ug/ml 
and 0.94 ug.ml, respectively. 

Next, in order to examine whether protein C mutants secreted have a biological activity, an anti- 
coagulant assay was carried out by using an assay kit provided by Behringwerke (CaL No. 2576, 2577, 
OTXA 11). This assay is based upon the ability of protein C activated by "protac" to inhibit (or delay) blood 

35 coagulation in vitro, As shown in Table 2, B-7 and C-5 exhibited anti-coagulant activity in the levels of 2.7 
and 11 .0% of that of control normal plasma, respectively. 



Example 4 

40 

Demonstration that single-chain molecules of protein C are predominantly secreted from the cells carrying 
DNA encoding the human protein C mutant in their chromosomes, 

45 In order to determine whether the recombinant protein C mutant secreted in the medium consists of 
predominantly single-chain molecules or not, the culture medium was analyzed by Western blotting 
hybridization using polyclonal antibody to human protein C. 

1x10 6 cells of B-7 or C-5 were Independently seeded on a tissue culture dish (60 mm in diameter, 
Falcon, 3002) and cultured in the same medium mentioned above for 3 days. The culture dish was then 
60 washed twice with serum-free culture medium and cultivated in the same medium for additional 24 hours. 
After culture, 1 ml of supernatant was removed, mixed with 333 jxl of 100% trichloroacetic acid (TCA) in an 
Eppendorf tube (1 .5 ml volume), and the mixture was left for 30 min. at 0 C. 

After centrifugation at 15.000 rpm for 15 min., the precipitates were dissolved in 20 ul o1 sample buffer, 
and then ca. 1 ul of saturated Trisma base solution was added to the solution to adjust the pH to 7.0-7.5. 
55 The suspension usually contains 0.5-1 ug of protein. The samples wer then separated on SDS-PAQE and 
lectrophoretically transferred to a nylon filter in the presence of 25 mM Tris-192 mM glycine (pH 8.3)-20% 
thanol, Subsequ ntly, th filt r was fixed in 20 mM Tris-HCI (pH 7.5)-500 mM NaCI for 60 min. at room 
temperature. Then, the filter was subjected to an immunostaining; it was reacted with goat anti-human 
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protein C antibody, washed twice, incubated with rabbit anti-goat IgG antibody labeled with HRP, and finally 
washed twice. 

As shown in Fig. 4, the protein C purified from human plasma exhibits two major bands, a heavy-chain 
molecules with a MW of about 40-Kd (in Fig. 4 isofomns of a heavy-chain polypeptide, a- and 0-chains, are 
5 observed) and a light-chain molecules of 21 -Kd in si2e. Another minor band with a MW of 62-Kd. which 
corresponds to a single-chain form of protein C, is also found. 

On samples from B-7 and C-15, only a major band with a MW of 62-Kd can be observed (see Fig. 4, 
lanes 1 and 2). 

These results indicate that unlike human protein C of plasma origin whose connecting dipeptide Lys-Arg 
70 is processed by a signal peptidase, the recombinant human protein C mutant is resistant to an enzymatic 
attack by the same protease, possibly due to the presence of the protease-insensitive dipeptide Asn-Ser. 
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Table 2 



CI n 


ELISA 


Anti-blood 




(ug/mi) 


coagulatory activity 






(%)• 


BHK-origin 






cells 






B-1 


0.39 


Ncr 


B-2 


0.395 


ND 


B-3 


A CO 

0.52 


Kin 


B-4 


0.47 


ND 


B-6 


0.555 


ND 


B-7 


0.74 


2.7 


B-8 


0.405 


ND 


8-9 


0.535 


4.0 


B-10 


0.555 


ND 


B-11 


0.375 


ND 


B-12 


0.65 


11.0 


CHO-origin 






cells 






C-3 


0.12 


ND 


C-4 


0.15 


6.0 


C-5 


0.94 


11.0 


C-11 


0.335 


ND 


C-15 


0285 


4.5 


C-22 


0.065 


ND 



* Anti-blood coagulatory activity is expressed as the percent of that of 
protein C contained in human plasma used as a control. 
■ Not determined. 
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Brief Description of th Drawings: 

5 

Rg. 1 is a restriction map of pCs10. 
Fig. 2 is a restriction map of pCsl . 
Rg. 3 is a restriction map of pHSG293. 

Rg. 4 is a protein profile when analyzed by Western blotting of the human protein C mutant secreted 
to in the culture medium by transformants. 

Lane 1: Supernatant from the culture of B-7 transformant 
Lane 2: Supernatant from the culture of 0*5 transformant 
Lane 3: Protein C purified from normal human plasma 

Lane M: Protein molecular weight marker (from the top, bands for 97 kd, 68 kd, 43 kd, 26 kd and 

75 18 kd) 



Claims 

so 1. A human protein C mutant wherein the amino acid sequence is different in positions 156 and 157 
from the native sequence Lys-Arg. 

2. A mutant as claimed in claim 1, wherein one or both of the said two amino acids is (are) deleted or 
replaced by an amino acid or amino acids different from those in the native sequence or wherein one of the 
said two amino acids is deleted and the other is replaced by an amino acid different from that in the native 

25 sequence. 

3. A mutant as claimed in claim 1 or 2, wherein one or both of the said two amino acids is (are replaced 
by an amino acid selected from the group consisting of Ser, Asn and Gin. 

4. A mutant as claimed in claim 3, wherein the said two amino acids are replaced by Asn-Ser. 

5. A DNA coding for a human protein C mutant wherein the amino acid sequence is different in 
30 positions 156 and 157 from the native sequence Lys-Arg. 

6. A DNA coding for a mutant as claimed in claim 5, wherein one or both of the said two amino acids is 
(are) deleted or replaced by an amino acid or amino acids different from those in the native sequence or 
wherein one of the said two amino acids is deleted and the other is replaced by an amino acid different 
from that in the native sequence. 

35 7. A DNA coding for a mutant as claimed in claim 5 or 6, wherein one or both of the said two amino 
acids is (are) replaced by an amino acid selected from the group consisting of Ser, An and Gin. 

A DNA coding for a mutant as claimed in claim 7, wherein the said two amino acids are replaced by 
Asn-Ser. 

9; A process for preparing a human protein C mutant as defined in one or more of claims 1 to 4 f 
40 wherein a DNA as defined in one or more of claims 5 to 8 is caused to be expressed in a suitable 
eukaryotic host cell. 

10. A process as claimed in claim 9, wherein the host ceil is an animal cell, preferably a mammalian 

cell. 

Claims for the following Contracting States: ES.GR 

45 

1. A process for the preparation of a human protein C mutant the amino acid sequence of which is 
different in positions 156 and 157 from the native sequence Lys-Arg, which comprises expressing in a 
suitable eukaryotic host cell a DNA coding for the said human protein C mutant. 

2. A process as claimed in claim 1 , wherein the DNA is coding for a mutant in which one or both of the 
so said two amino acids is (are) deleted. 

3. A process as claimed in claim 1, wherein the DNA is coding for a mutant, in which one or both of the 
said two amino acids is (are) replaced by an amino acid or amino acids different from those in the native 
sequence. 

4. A process as claimed in claim 1, wherein the DNA is coding for a mutant, in which one of the said 
55 two amino acids is deleted and the oth r is replaced by an amino acid different from that in the nativ 

sequence. 

5. A process as claimed in claim 3, wherein the DNA is coding for a mutant, in which one or both of the 
said two amino acids is (are) replaced by an amino acid selected from the group consisting of Ser, Asn and 
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Gin. 

6. A process as claimed in claim 5. wh rein the DNA is coding for a mutant in which the said two 
amino adds are replaced by Asn-Ser. 

7. A process as claimed in one or more of the preceding claims, wherein the DNA is expressed in an 
5 animal cell. 

8. A process as claimed in claim 7. wherein the cell is a mammalian ceil. 
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